Arterial diameters are routinely used by clinicians to assess vascular health. For example, focal luminal narrowing in the coronary arteries is considered an important determinant of future vascular events as well as of the need for intervention.[@b1] Lumen reductions at the carotid bifurcation and focally within intracranial arteries, usually attributed to atherosclerosis, are routinely used to stratify stroke risk.[@b2]--[@b4] Large arterial diameters, however, may also be associated with vascular events.[@b5],[@b6] Examples of dilatative arteriopathies include aortic aneurysm, intracerebral dolichoectasia, and coronary ectasias.[@b6]--[@b8] Arterial dilatations are less well-understood entities than atherosclerosis and may have a broader array of causes.[@b9] Although it can be argued that atherosclerosis may be the underlying pathology in cases of aortic aneurysm and coronary ectasia, dilatation of the aorta, the coronaries, or the brain arteries can also occur in the absence of pathologically defined atherosclerosis.[@b10],[@b11] Furthermore, recent evidence suggests that brain arteries do not undergo outward remodeling to the same extent that do coronary arteries, thus making atherosclerosis-driven dilatation a less-plausible mechanism for dilated intracranial arteries.[@b12] Arterial dilatation, defined by lumen diameter, is thus a plausible and understudied regional and systemic biomarker of vascular disease.

We interpret heterogeneity in arterial diameters to be evidence of a spectrum and that the extremes of this spectrum represent maladaptive changes that are pathological. Because the cerebral circulation can undergo compensatory dilatation due to reduced diameters in collateral vessels of the circle of Willis,[@b13] we postulate that brain arterial diameters can be used as a biomarker of vascular risk, particularly among individuals at the extremes of brain arterial remodeling (BAR). Therefore, we tested the hypothesis that BAR extremes are associated with a higher risk of vascular events in a multiethnic, population-based cohort in northern Manhattan, New York City, NY.

Methods
=======

The Northern Manhattan Study (NOMAS) is a population-based sample of northern Manhattan that was started in 1993. Participants in the study were enrolled through random digit dialing of ≈25 000 households in a restricted geographic area as determined by the boundaries of the Hudson and East rivers and 120th Street of Manhattan. Participants were eligible if they had never had a stroke diagnosed, were older than age 40, and had resided in northern Manhattan for ≥3 months in a household with a telephone. From 2003 to 2008, a subsample of the NOMAS cohort was invited to undergo brain magnetic resonance imaging (MRI). To be eligible for the MRI substudy, participants had to be able to provide written consent for the brain MRI, have no contraindications to MRI, and be 50 years or older and stroke free at the time of study.[@b14] This study was approved by the Columbia University Medical Center and University of Miami institutional review boards.

Demographic characteristics were obtained at the time of enrollment and at the time of MRI. Race and ethnicity were self-defined. Hypertension was defined by self-report diagnosis of hypertension, use of antihypertensive medications, or the presence of a blood pressure ≥140/90 mm Hg at the time of MRI. Blood pressure measurement was taken on arrival to the investigation site, after at least 10 minutes of rest and before the MRI procedure. Diabetes was defined as self-report diagnosis of diabetes, use of glucose-lowering medications, or a fasting glucose ≥126 mg/dL at the time of the MRI. Hypercholesterolemia was defined by self-report, use of cholesterol-lowering medications, or a total cholesterol level ≥240 mg/dL. To be considered a smoker in this analysis, the subject had to be a current smoker.

Longitudinal Follow-up and Vascular Outcomes
--------------------------------------------

Participants in the NOMAS MRI substudy (N=1290) were screened annually with standardized telephone interviews and in-person visits if the participant screened positive to a predefined trigger question for in-person evaluation. The outcomes collected in this study included all death, vascular death, myocardial infarction (MI), any stroke, ischemic stroke, and any vascular event (a composite of vascular death, any stroke, or MI). A detailed description of the ascertainment procedures has been previously reported.[@b15] Briefly, death and vascular death were adjudicated by NOMAS investigators with robust reliability measures as well as negligible loss to follow-up. The date and the causes of death were recorded. When the cause of death was MI, stroke, heart failure, pulmonary embolus, or cardiac arrhythmia, vascular death was attributed. Among participants with stroke, \>70% were admitted to New York--Presbyterian Hospital/Columbia University Medical Center, where stroke evaluation was performed by a vascular neurologist unaware of the status of the patient in the study. Subsequently, 2 neurologists adjudicated the stroke subtype in each case independently and blinded to the baseline MRI. MI was defined by criteria from the Cardiac Arrhythmia Suppression Trial and the Lipid Research Clinics Coronary Primary Prevention Trial by a study cardiologist.[@b16],[@b17] We used incident MI only and excluded from the MI analyses those who had history of MI before the brain MRI. In the case of participants experiencing \>1 vascular event (eg, stroke and MI), we used the first event for the combined vascular event outcome (35 of 152 participants with any vascular event had ≥2 vascular events).

Brain Arterial Diameters
------------------------

Imaging was performed on a 1.5-T MRI system (Philips Medical Systems) at the Hatch Research Center using 3-dimensional time-of-flight magnetic resonance angiography (MRA) with the following parameters: field of view of 15 cm, 1 mm effective slice thickness, acquisition matrix interpolated to 256×228 matrix, flip angle of 25°, and repetition and echo times of 20 and 2.7 ms, respectively. Brain arterial diameters were obtained by using in-house software that performs automated tracking of the vessel centerline.[@b18] The threshold for the 3-dimensional reconstruction was systematically set to the point of maximal pixel saturation of the arteries while avoiding any parenchymal pixel visualization (intraclass correlation for threshold=0.998). The maximum arterial diameter was measured bilaterally in the cavernous segment of each internal carotid artery, within the first 5-mm segment of each anterior, middle, and posterior cerebral artery (6 locations), in the more proximal aspect of each posterior communicating artery in respect to the internal carotid artery, in the more distal portion of the V4 segment of each vertebral artery, and in the first 5-mm segment of the basilar artery. Thus, each participant had a maximum of 13 blood vessels measured. One of 3 possible descriptions was recorded for each intracranial artery: visible in the 3-dimensional format reconstruction, not visible in the 3-dimensional format due to a very small size but visualized on the MRA axial source image (ie, hypoplastic) or not visible on either the 3-dimensional format or the MRA axial image (ie, absent artery).

Because the normal ranges of diameters of each intracranial artery vary, we obtained the *Z*-score for each measured intracranial artery. A *Z*-score of −2 was attributed to hypoplastic arteries because its diameter was below the limit of our measurement (\<10%). We then computed average *Z*-scores for each participant by adding all measured arteries and dividing by the total number of identified arteries. This average *Z* score, subsequently defined as the "BAR score" was normalized and used both continuously and categorized into 3 categories: (1) "individuals with the largest diameters" for participants with a BAR score ≥2 SDs, (2) "individuals with the smallest diameters" for participants with ≤−2 SDs, and "individuals with average diameters" for participants with a remodeling score between −2 and 2 SDs. The greater the number of arteries with negative scores within each individual, the more likely it was that the BAR score had a negative overall *Z* score, and vice versa ([Figure 1](#fig01){ref-type="fig"}).

![A, The BAR score represents a construct that discloses in a single number the tendency of an individual to have small or large arteries. As the score gets smaller, the proportion of arteries with small lumina increases. In the opposite direction, as the BAR score increases, so does the proportion of arteries with larger diameters respective to other NOMAS participants. Those in the middle represent a combination of the above. B and C, Tridimensional reconstruction of the cerebral vasculature showing examples of individuals with average diameters (B), small diameters (C), and large diameters (D) defined categorically for this study. BAR indicates brain arterial remodeling; NOMAS, Northern Manhattan Study.](jah30004-e002289-f1){#fig01}

Statistical Analysis
--------------------

Head size is the most important anthropomorphic predictor of brain arterial diameters, and sex is the most important predictor of head size.[@b14] Consequently, we controlled for head size in all analyses. We carried out the data analysis in 4 steps. First, we investigated whether the demographic and vascular risk factors varied across the 3 remodeling groups. We assessed the strength of association with logistic regression proportional odds models using "individuals with average diameters" as the referent group. We then assessed the functional relationship between the BAR score and all death, vascular death, MI, ischemic stroke and any vascular event. We tested whether a linear model would fit the data better than a nonlinear model,[@b19] and we used 2 procedures to assess goodness of fit. First, we used the Restricted Cubic Splines (RCS) macro in SAS, which computes the coefficient of the spline with a predetermined number of knots, to test the null hypothesis that a given relationship is linear using a χ^2^ distribution.[@b20] A *P* value of \<0.05 rejects the null hypothesis and confirms a nonlinear relationship between the outcome and exposure. Additionally, we assessed the change in −2 log score comparing the model with a linear assumption (degrees of freedom=1) compared with a spline curve with 3 knots (degrees of freedom=2). We decided to keep the model with the best fit when the significance of the −2 log differential was \<0.10 in a χ^2^ distribution. Finally, we assessed the incidences rates and hazard ratios of outcome events with Cox proportional hazards regression with progressive adjustment for potentially confounding covariates. The statistical analysis was carried out with SAS software, version 9.3 (SAS Institute Inc).

Results
=======

Sample Characteristics
----------------------

Among the 1290 patients in the NOMAS MRI substudy, 1077 had brain MRA done, and 1034 were included in this analysis (43 were excluded due to motion artifact on MRI). The sample mean age was 70±9 years (60% were women; 66% were Hispanic, 18% were non-Hispanic blacks, and 16% were non-Hispanic whites). Hypertension was present in 75%, diabetes in 25%, hypercholesterolemia in 68%, and smoking in 16%. The participants were followed an mean of 8±2 years.

Cross-Sectional Associations Between the BAR Score and Demographic and Clinical Variables
-----------------------------------------------------------------------------------------

The distribution of demographic and clinical variables according to BAR category is shown in [Table 1](#tbl1){ref-type="table"}. After multivariate analysis including demographic and clinical characteristics plus head size, individuals with the smallest diameters were more likely to be men (odds ratio \[OR\] 3.11, 95% CI 1.26 to 7.71) and non-Hispanic whites (OR 2.57, 95% 1.06 to 6.25) but less likely to have hypertension (OR 0.38, 95% 0.16 to 0.89), while individuals with the largest diameters were older (OR 1.05 per year, 95% CI 1.01 to 1.10) and more likely to be women (OR 15.19, 95% CI 3.67 to 62.97), to have hypercholesterolemia (OR 8.22, 95% 1.09 to 61.85), and to have a history of previous MI (OR 4.57, 95% 1.22 to 17.06).

###### 

Demographic and Clinical Characteristics of the Participants by Remodeling Category

                                      Individuals With the Smallest Diameters (BAR Score \<−2 SDs) n=23   Individuals With Average Diameters (BAR Score \>−2 to 2 SDs) n=988   Individuals With the Largest Diameters (BAR Score \>2 SDs) n=23
  ----------------------------------- ------------------------------------------------------------------- -------------------------------------------------------------------- -----------------------------------------------------------------
  Age (y), mean±SD                    72±9                                                                70±9                                                                 72±9
  Male sex, %                         73                                                                  40                                                                   4
  Ethnicity, %                                                                                                                                                                 
   Non-Hispanic white                 45                                                                  16                                                                   2
   Non-Hispanic black                 20                                                                  17                                                                   20
   Hispanic                           35                                                                  67                                                                   78
  Hypertension, %                     61                                                                  75                                                                   82
   SBP, mm Hg                         135±17                                                              136±17                                                               140±23
   DBP, mm Hg                         79±9                                                                78±9                                                                 79±11
   PP, mm Hg                          55±15                                                               58±15                                                                61±18
  Diabetes, %                         22                                                                  25                                                                   33
   Fasting glucose (mg/dL), mean±SD   101±32                                                              93±20                                                                101±49
  Hypercholesterolemia, %             67                                                                  68                                                                   78
   LDL (mg/dL), mean±SD               184±34                                                              194±39                                                               194±43
   HDL (mg/dL), mean±SD               56±17                                                               53±17                                                                51±13
   Triglycerides (mg/dL), mean±SD     108±58                                                              128±81                                                               141±75
  Smoking (current), %                20                                                                  17                                                                   8
  Prior MI, %                         8                                                                   3                                                                    10
  Atrial fibrillation, %              4                                                                   2                                                                    0

BAR indicates brain arterial remodeling; DBP, diastolic blood pressure; SBP, systolic blood pressure; PP, pulse pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; MI, myocardial infarction.

BAR Score and Risk of Vascular Events
-------------------------------------

The relationship between the BAR score and the risk for vascular events varied with each outcome. A nonlinear relationship, specifically a U-shaped relationship, was confirmed for the BAR score with all death (*P*=0.001), vascular death (*P*=0.019), and any vascular events (0.05) ([Figure 2](#fig02){ref-type="fig"}, [Table 2](#tbl2){ref-type="table"}). For MI, the regression of the spline coefficient showed a trend for significance (*P*=0.098) and for improvement of goodness of fit (*P*=0.12). For ischemic stroke, a linear association fits the model better, with the highest risk of ischemic stroke observed in those with the lowest BAR score (ie, smallest average diameter). There were no statistical interactions between sex and the BAR score with the risk of the vascular events.

###### 

Significance of the Spline Regression and Goodness of Fit of the Models Used to Test the Relationship Between the BAR Score and Vascular Events

                          *P* Value for the Regression of the Linear B Coefficient   *P* Value for the Regression of the Spline B Coefficient   −2 log Differential (*df*)   *P* Value for −2 log Differential
  ----------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------- -----------------------------------
  All death               0.127                                                      0.001                                                      9.119 (1)                    0.002
  Vascular death          0.059                                                      0.019                                                      4.731 (1)                    0.029
  Myocardial infarction   0.795                                                      0.098                                                      2.416 (1)                    0.120
  Ischemic stroke         0.559                                                      0.744                                                      0.100 (1)                    0.751
  Any vascular events     0.162                                                      0.050                                                      3.788 (1)                    0.051

A *P* value for the regression of the spline B coefficient that is ≤0.05 suggests that the risk of vascular events is not linearly distributed. A *P* value for −2 log differential ≤0.050 implies improvement in the model fitness with a non-linear assumption of the risk. BAR indicates brain arterial remodeling.

![Graphic representation of the risk of vascular events by the brain arterial remodeling score. With the exception of ischemic stroke and myocardial infarction, the best-fitting model appear to show a U-shaped relationship indicating incremental risk as the score moved to each extreme.](jah30004-e002289-f2){#fig02}

Remodeling Category and Incidence Rates and Risk of Vascular Events
-------------------------------------------------------------------

Individuals with the smallest diameters had higher rates of all death, vascular death, any vascular events, and ischemic stroke compared with individuals with average diameters but not of MI ([Table 3](#tbl3){ref-type="table"}). Individuals with the largest diameters also had a higher rate of all death, vascular death, MI, and any vascular event but not of ischemic stroke. After adjustment for demographic and vascular risk factors, individuals with the smallest diameters were at higher risk of all death, vascular death, MI, any vascular event, and ischemic stroke, but the risk was statistically significant only for all death ([Table 4](#tbl4){ref-type="table"}). Individuals with the largest diameters were also at a higher risk of death, vascular death, MI, and any vascular event, but only vascular death remained significant ([Table 4](#tbl4){ref-type="table"}). None of the individuals with the largest diameters had an ischemic stroke during follow-up.

###### 

Crude Incidence Rate Per 1000 Person-Year by Brain Arterial Remodeling Category

                                            All Death         Vascular Death   Myocardial Infarction   Ischemic Stroke   Any Vascular Event
  ----------------------------------------- ----------------- ---------------- ----------------------- ----------------- --------------------
  Individuals with the smallest diameters   121 (40 to 142)   33 (12 to 87)    8 (1 to 58)             12 (3 to 46)      49 (22 to 110)
  Individuals with average diameters        35 (30 to 40)     11 (9 to 15)     9 (6 to 11)             7 (5 to 9)        25 (21 to 30)
  Individuals with the largest diameters    102 (32 to 145)   30 (9 to 92)     10 (1 to 72)            0                 30 (9 to 92)

###### 

Hazard Ratios by Remodeling Category

                                             Model 0 (HR, 95% CI)                Model 1 (HR, 95% CI)                Model 2 (HR, 95% CI)
  ------------------------------------------ ----------------------------------- ----------------------------------- -----------------------------------
  All death                                                                                                          
   Individuals with the smallest diameters   2.68, 1.36 to 5.26                  2.38, 1.20 to 4.70                  2.11, 1.05 to 4.23
   Individuals with average diameters        Ref                                 Ref                                 Ref
   Individuals with the average diameters    1.82, 0.83 to 4.01                  1.76, 0.79 to 3.96                  1.79, 0.79 to 4.03
  Vascular death                                                                                                     
   Individuals with the smallest diameters   2.98, 1.07 to 8.28                  2.46, 0.87 to 6.89                  2.11, 0.74 to 6.03
   Individuals with average diameters        Ref                                 Ref                                 Ref
   Individuals with the largest diameters    3.19, 0.97 to 10.55                 3.58, 1.06 to 12.16                 3.69, 1.09 to 12.47
  Myocardial infarction                                                                                              
   Individuals with the smallest diameters   1.14, 0.16 to 8.37                  0.96, 0.13 to 7.14                  1.10, 0.14 to 8.23
   Individuals with average diameters        Ref                                 Ref                                 Ref
   Individuals with the largest diameters    1.81, 0.25 to 13.26                 1.97, 0.26 to 14.55                 1.93, 0.26 to 14.24
  Ischemic stroke                                                                                                    
   Individuals with the smallest diameters   1.63, 0.40 to 6.78                  1.53, 0.36 to 6.40                  1.57, 0.37 to 6.68
   Individuals with average diameters        Ref                                 Ref                                 Ref
   Individuals with the largest diameters    [\*](#tf4-2){ref-type="table-fn"}   [\*](#tf4-2){ref-type="table-fn"}   [\*](#tf4-2){ref-type="table-fn"}
  Any vascular event                                                                                                 
   Individuals with the smallest diameters   2.05, 0.90 to 4.70                  1.65, 0.72 to 3.82                  1.57, 0.68 to 3.66
   Individuals with average diameters        Ref                                 Ref                                 Ref
   Individuals with the largest diameters    2.05, 0.38 to 3.79                  1.33, 0.42 to 4.20                  1.35, 0.43 to 4.24

Model 0: Adjusted for head size only. Model 1: Model 0 plus age, sex, ethnicity. Model 2: Model 1 plus hypertension, diabetes, hypercholesterolemia and smoking. HR indicates hazard ratio; Ref, referent group.

There were zero ischemic strokes reported in this group.

Discussion
==========

In this report, we confirmed our hypothesis that extremes of brain arterial diameters are associated with an increased number of vascular outcomes compared with individuals with less extreme forms of arterial remodeling. We documented a significant nonlinear U-shaped dose-effect curve using the BAR score as the main predictor for all death, vascular death, and any vascular event, suggesting that individuals in the extreme tails of the curve were at greater risk of all these outcomes. The incidence rates and hazard ratios for all death, vascular death, MI, and any vascular event were also greater in the extremes of the spectrum of arterial diameters, although the low numbers of events in each subgroup may have limited our power to confirm the significance of some of these associations. The only exception to our hypothesis was ischemic stroke, which occurred at a higher rate among participants with the smallest brain artery diameters. These results suggest to us that brain arterial diameters may be used as surrogates of systemic and cerebral vascular health and that a combination of genetic and environmental factors may influence the arterial diameters into the extreme pathological forms reported here.

Intuitively, it comes as no surprise that individuals with the smallest brain artery diameters have higher rates of all death, vascular death, MI, and ischemic stroke. After all, small peripheral arterial luminal diameters have been used traditionally as surrogates of arteriopathy, particularly of atherosclerosis.[@b2],[@b21]--[@b23] Small brain arterial diameters may also represent atherosclerosis, but intima thickening without atheroma (the defining characteristic of atherosclerosis) leading to luminal stenosis has also been reported.[@b24],[@b25] In fact, cerebral stenosis and cerebral atherosclerosis may have a differential association with stroke and MI, with cerebral stenosis being a better predictor of stroke, whereas atherosclerotic plaque is more frequent among those with prior MI.[@b24] We do not have pathological correlates of our lumen-based definition of remodeling in NOMAS, but using a similar approach, we have reported that small lumina are strongly associated with atheromas, intima thickening, thicker vessel walls, and thinner media.[@b26]

In this same context, it is important to point out that the BAR score is a construct that reflects the average of brain arterial diameters in an individual. As can be seen in [Figure 1A](#fig01){ref-type="fig"}, among participants with a BAR score \<−2 SDs, the majority of brain arteries will fall to the left of the normal distribution, reflecting an overall tendency to have a small diameter compared with others in this sample. This extreme phenotype is not the most common presentation of intracranial atherosclerosis (symptomatic or asymptomatic), which tends to occur more focally within the brain, typically accompanied with compensatory dilatations of other arteries through the circle of Willis.[@b4],[@b13],[@b25] Because brain arteries are the last chronologically to show evidence of aging and intima thickening after the coronary, aorta, radial, and even skin arteries, the small average diameter phenotype observed in the brain may be a marker of advanced systemic arterial aging, although not necessarily atherosclerotic. This statement is supported by the fact that none of the individuals with the smallest average diameters had a stroke due to large intracranial atherosclerosis but rather cardioembolism (data not shown). Also, pathological studies that included samples from the coronary, aorta, carotid, and cerebral arteries in the same individual have shown little correlation between intracranial "raised lesions" (ie, atherosclerosis) with coronary, carotid, or aortic atherosclerosis or with radiographic evidence of coronary calcification.[@b4],[@b27] The burden of systemic atherosclerosis, defined by calcium scores of the coronary, aorta, and extracranial carotid arteries, are poor predictors of cerebrovascular events.[@b28] The systemic correlates of vascular disease among individuals with the smallest average diameters may help improve our understanding of the reported risks and higher rates of death and vascular events.

Although less intuitive, dilated brain arteries appeared to be a biomarker of systemic but not cerebral atherosclerosis as evidenced by the higher rates and risks of vascular death, MI (a predominantly atherosclerotic disease), and any vascular events in this group. Further, the cross-sectional association of individuals with the largest average diameters with older age and hypercholesterolemia support a proatherosclerotic systemic phenotype. None of the individuals with the largest average diameters had an ischemic stroke during follow-up, suggesting that dilated brain arteries do not represent intracranial atherosclerosis, an argument advanced previously.[@b9] However, substantial literature supports dilated brain arteries as markers of systemic atherosclerosis. For example, in this sample, we reported that in the setting of extracranial carotid atherosclerosis, there is a significant increase in the ipsilateral intracranial arterial diameters downstream from the carotid bifurcation.[@b14] The observed compensatory dilatation was even greater with available collateral vessels through the circle of Willis. Individuals with evidence of intracranial dolichoectasia have a higher prevalence of MI and coronary artery disease, particularly if the dilated vessel is in the posterior circulation.[@b14],[@b29],[@b30] This cross-sectional result fits well with the observation reported here that individuals with the largest average diameters had a higher prevalence of history of MI. Prospectively, the lumen diameter of the basilar artery is an independent predictor of vascular events and coronary events, but not of cerebrovascular events, thus supporting our claim that dilated brain diameters should be seen as biomarkers of systemic but not cerebral atherosclerosis, particularly in older individuals.[@b6]

The mechanisms underlying the association of systemic atherosclerosis with enlarged brain arteries are not yet described, but we hypothesize that they are different from other forms of dilatative arteriopathies seen among younger individuals, where diffuse dilatation of the brain arteries is more likely related to diseases that affect the structural strength of the wall, thus predisposing the arteries to dilate on exposure to otherwise normal arterial flow. Examples of these diseases include Marfan syndrome, Ehlers-Danlos syndrome, arterial tortuosity syndrome, Loeys-Dietz syndrome, and HIV infection.[@b9]

Our results provide evidence that the interconnection between the brain and systemic vasculatures needs to be better understood. Perhaps further incorporation of brain arterial phenotypes into ongoing epidemiological studies of stroke-free individuals who have genetic and biological biomarkers collected will reveal easily accessible and measurable biomarkers of these phenotypes. Genetic influences on these phenotypes are very likely, and identifying them should be considered a high-yield research area that may help the ongoing effort to personalize medicine, as recently demonstrated by the discovery of genetic determinants of height as a risk for coronary artery disease.[@b31] This study has limitations. For example, although NOMAS is representative of northern Manhattan by virtue of its design, it is possible that the associations may not be reproduced in other populations with different ethnic compositions or age groups. The results here should also be interpreted with caution because some point estimates failed to reach statistical significance, although the small size of the extreme groups limited our power. We do not have repeated measures of brain diameters, a fact that weakens our claim that the diameters phenotypes represent remodeling phenotypes. It is implausible, however, that the subjects studied here were born with the reported diameters, which leaves remodeling as the most likely explanation for the observed differences in arterial caliber reported here. The lack of a more detailed characterization of the vascular risk factors after the brain MRI precludes any further testing on how vascular risk factors may play a role in mediating the BAR score. Furthermore, the lack of pathological confirmation prevents us from definitively ruling in or out a specific arterial wall phenotype, despite our attempts to refer to studies that have used pathology confirmation to support some of the arguments presented here.

In summary, we report here that the extremes of brain arterial diameters are biomarkers that confer vascular risk, as individuals with the smallest brain artery diameters had twice the risk of all death and vascular death compared with those with more average arterial diameters, whereas those with the largest diameters had a 3 times greater risk of vascular death and twice the risk of MI, compared with average diameters. We see these results as evidence of nonlinear relationship between the systemic and cerebral vasculatures that should be further studied.
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